Induction of cytotoxic and genotoxic responses by natural and novel quercetin glycosides.
The flavonoids quercetin, and its natural glycosides isoquercetin and rutin, are phytochemicals commonly consumed in plant-derived foods. Semi-synthetic water-soluble isoquercetin and rutin glycosides, maltooligosyl isoquercetin, monoglucosyl rutin and maltooligosyl rutin were developed by synthetic glycosylation to overcome solubility challenges for improved incorporation in food and medicinal applications. Quercetin and its natural glycosides are known to induce genetic instability and decrease cell proliferation. Using a system of Chinese hamster ovary (CHO) cells, this study examined the differences in cytotoxic and genotoxic responses induced by natural and synthetic flavonoids. Bioactivity evaluations using poly(ADP-ribose) polymerase (PARP) ELISA showed that the synthetic flavonoids were less effective in inhibiting PARP than the natural flavonoids, where PARP inhibitory effects decreased with glycosylation of flavonoids. In the genotoxic studies, treatments with flavonoids at a concentration range of 0.2 μM-1 mM induced significant frequencies of sister chromatid exchange (SCE) and micronuclei in CHO cells compared to spontaneous occurrences. The synthetic flavonoids monoglucosyl rutin and maltooligosyl rutin induced less genotoxic effects than the natural flavonoids. However, maltooligosyl isoquercetin induced similar responses as isoquercetin and rutin. The growth inhibition studies showed glycosylation dependent cytotoxicity in natural flavonoids. The quercetin aglycone exhibited the highest toxicity out of all the flavonoids studied. Differences in growth inhibition were not observed between the synthetic flavonoids, maltooligosyl isoquercetin and monoglucosyl rutin, and natural isoquercetin and rutin, respectively. Maltooligosyl rutin induced less cytotoxicity than rutin and monoglucosyl rutin. Our in vitro studies demonstrated that the synthetic flavonoids generally induced less genotoxic responses than their natural counterparts.